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Previous research suggests that closing one's eyes or averting one's gaze from another 
person can benefit visual-spatial imagination by interrupting cognitive demands associated 
with face-to-face interaction (Markson and Paterson, 2009). The present study further 
investigated this influence of social gaze on adults' visual-spatial imagination, using the 
matrix task (Kerr, 1987, 1993). Participants mentally kept track of a pathway through an 
imaginary 2-dimensional (2D) or 3-dimensional (3D) matrix. Concurrent with this task, 
participants either kept their eyes closed or maintained eye contact with another person, 
mutual gaze with a person whose eyes were obscured (by wearing dark glasses), or 
unreciprocated gaze toward the face of a person whose own gaze was averted or whose 
face was occluded (by placing a paper bag over her head). Performance on the 2D task was 
poorest in the eye contact condition, and did not differ between the other gaze conditions, 
which produced ceiling performance. However, the more difficult 3D task revealed clear 
effects of social gaze. Performance on the 3D task was poorest for eye contact, better for 
mutual gaze, and equally better still for the unreciprocated gaze and eye-closure conditions. 
The findings reveal the especially disruptive influence of eye contact on concurrent visual- 
spatial imagination and a benefit for cognitively demanding tasks of disengaging eye contact 
during face-to-face interaction. 
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INTRODUCTION 

In situations involving interlocutory interactions, people often 
spontaneously close their eyes or look away from the interlocutor, 
particularly when asked difficult or probing questions (e.g., Glen- 
berg etal., 1998; Doherty- Sneddon etal, 2002; Doherty- Sneddon 
and Phelps, 2005). Indeed, evidence that children are better at 
answering questions when their gaze is averted has led researchers 
to propose that children should use gaze aversion techniques 
in classroom settings to enhance learning (see, e.g., Doherty- 
Sneddon etal, 2001, 2002; Doherty- Sneddon and Phelps, 2005; 
Phelps etal, 2005). 

Evidence for spontaneous eye-closure or gaze-avoidance when 
cognitive demands are particularly high is widely documented 
in observational studies of interlocutory interactions (typically 
between adults). For example, Kendon (1967) found that in 
filmed conversations participants averted their gaze for longer 
periods when speaking than when listening. Similarly, Ehrlich- 
man (1981) observed that individuals who interacted with an 
interviewer on a video screen looked away from the screen more 
often when engaging in thinking or speaking than when listen- 
ing to the interviewer. Both observations are consistent with 
individuals spontaneously averting their gaze to reduce envi- 
ronmental distraction when cognition is more demanding (e.g., 
thinking or producing speech compared to comprehension). 
Also consistent with this view, Beattie (1981) found in another 
observational study that looking continuously at an interviewer's 
face interfered with the production of spontaneous speech and 



suggested that emotional arousal brought about by eye contact 
with an interlocutor can disrupt the formulation of responses to 
questions. 

Other research has used experimental methods to more fully 
reveal the benefits of eye-closure and gaze aversion for cogni- 
tion. For instance, Glenberg etal. (1998) found that performance 
answering general knowledge and mathematics questions was par- 
ticularly impaired when participants gazed at an experimenter's 
face and impaired to a lesser extent when they gazed at various 
visual stimuli, compared to when they closed their eyes. Glen- 
berg etal. took these findings to indicate that gaze aversion is 
at least partly an effort to control cognitive load, whereby an 
individual averts their gaze in order to avoid input from envi- 
ronmental stimuli that may be irrelevant but disruptive to the 
task they are attempting to perform. Studies by Doherty- Sneddon 
etal. (2000, 2001, 2002), Doherty- Sneddon and Phelps (2005), 
Phelps etal. (2005) showed similar effects of gaze aversion on 
children's performance on question-answering tasks. Moreover, 
other research that has focused on the benefits of eye-closure 
for episodic memory shows that recall is better when an eye- 
witness closes their eyes (Perfect etal., 2008, 2011; Vredeveldt 
etal, 2011, 2012, 2013; Vredeveldt and Penrod, 2013). Simi- 
lar benefits of eye-closure for episodic memory have also been 
observed in an experiment in which participants had to recall 
images presented as part of an earlier task, either with their eyes 
closed or while viewing a distracting visual stimulus (Wais et al., 
2010). 
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These benefits of eye-closure and gaze aversion are often con- 
sidered from the perspective of models of dual-task performance. 
According to this approach, memory retrieval and environmental 
monitoring are competing tasks that might either be conducted 
simultaneously (i.e., as dual tasks) or, when one task is partic- 
ularly demanding, conducted sequentially as tasks that can be 
switched between. Accordingly, when cognitive task demands are 
high, it may be beneficial to reduce environment demands by 
closing one's eyes or averting one's gaze from external stimuli 
(see, e.g., Glenberg, 1997). However, eye-closure and gaze aver- 
sion may offer either a modality-specific benefit (and so benefit 
only aspects of visual processing) or more general, cross-modal 
benefits for cognition (for further discussion, see, e.g., Perfect 
etal., 2008). For example, the view that eye-closure provides a 
general enhancement to memory functioning is consistent with 
findings showing that closing one's eyes can improve memory 
for auditory as well as visual information (Perfect etal, 2008, 
2011). 

However, much research on the benefits of eye-closure and 
gaze aversion has been inspired by the multi-component model 
of working memory (e.g., Baddeley and Hitch, 1974; Baddeley, 
1986), and often presumed that benefits will be modality-specific. 
A basic assumption of this model is that working memory is frac- 
tionated into two modality-specific subsystems (the visuospatial 
sketchpad and the phonological loop) and a multimodal sub- 
system (the episodic buffer), each of which are supervised by 
a central executive system. Dual task research has shown that 
the visual and phonological subsystems are subject to modality- 
specific interference. This, for example, entails that a concurrent 
secondary visual-spatial task, such as tapping out a specified 
pattern, will interfere with visual but not auditory memory 
processes (e.g., Brooks, 1968). Consequently, based on this 
approach, it is often argued that the disruptive influence of 
visual input, including that provided by eye contact with another 
person, is due to interference with modality-specific process- 
ing of visual information by the visual-spatial sketchpad (e.g., 
Wagstaff etal., 2004; Vredeveldt etal., 2011). Accordingly, eye clo- 
sure or gaze aversion will specifically benefit the processing of 
visual-spatial information by eliminating or reducing visual inter- 
ference from the environment. Additional support comes from 
research showing that eye-closure can enhance visual imagery 
(Caruso and Gino, 2011); which in turn has been shown to 
improve memory recall (e.g., Paivio, 1969, 1971; Jonides etal., 
1975). 

Doherty- Sneddon etal. (2001) conducted several experiments 
that more directly assessed the influence of distracting visual stim- 
uli on the processing of visual-spatial information. These studies 
primarily were conducted with child participants and used var- 
ious visual-spatial tasks, including the Corsi Block task (Corsi, 
1972). In this task, an experimenter taps out a sequence on 
a set of identical spatially separated blocks and, after a short 
retention interval, the participant is required to reproduce this 
sequence. This enables the experimenter to assess the accuracy 
of recall for increasingly long spatial sequences. The findings 
were clearest for tasks, like the Corsi Block task, that included 
a memory component. These showed that performance was par- 
ticularly poor if, during the retention interval, participants looked 



at someone's face or watched a complex visual stimulus, but 
better if they averted their gaze (by looking at the floor) or 
closed their eyes. However, because these tasks included a mem- 
ory component, it is unclear whether the disruptive influence 
of distracting visual stimuli is restricted to memory for visual- 
spatial information or can also affect concurrent processing of this 
information. 

Consequently, Markson and Paterson (2009) used the matrix 
task (Kerr, 1987, 1993) to specifically assess the effects of distract- 
ing visual stimuli on the concurrent processing of visual-spatial 
information. The matrix task is a path visualization task, typi- 
cally used to assess the capacity for visualizing spatial information 
(Kerr, 1987, 1993; Fiore etal., 2011; see also Attneave and Curlee, 
1983; Diwadkar etal, 2000; Lyon etal, 2008). Participants in 
this task are required to mentally keep track of pathways through 
imaginary matrices, which can vary in complexity. These matri- 
ces typically are formed from either a 2D array of squares or a 
3D cube. In a typical trial, the participant is instructed to imag- 
ine a particular matrix and is informed of the starting point of 
a pathway through this matrix. The direction of each successive 
step in the pathway is then verbally described and, at the end of 
the trial, the participant is required to identify its end-point, and 
the accuracy of their response is recorded. A major advantage of 
this task is that it provides an assessment of the accuracy of the 
visualization of this pathway without testing recall, as the partici- 
pant is only required to remember the end-point and not the full 
pathway. 

Following Kerr (1987, 1993), Markson and Paterson (2009) 
manipulated task difficulty by employing 2D (i.e., 3x3) and 
3D (i.e., 3x3x3) matrices. In two experiments, perfor- 
mance on these matrices was compared across trials in which 
participants engaged concurrently in different gaze behaviors. Par- 
ticipants either maintained eye contact with an experimenter, kept 
their eyes closed, or gazed continuously at a blank computer 
screen or one displaying a static visual image (i.e., a picture of 
a sunset or an upright or inverted photograph of the experi- 
menter) or a dynamic visual stimulus (i.e., a silent video clip). 
The results showed that performance on both 2D and 3D tasks 
was poorer when participants maintained eye contact with the 
experimenter than in either the eye-closure condition or the 
other stimulus viewing conditions, which did not differ. Mark- 
son and Paterson took this to show that maintaining eye contact 
with another person can impair concurrent visualization of spa- 
tial information, whereas closing one's eyes or averting one's 
gaze from that person, by viewing a blank computer screen 
or a static or dynamic visual stimulus, does not. In line with 
Kerr's earlier findings (see also Fiore etal., 2011), performance 
was poorer for 3D than 2D matrices, but matrix complexity did 
not modulate the effects of eye-closure or averted gaze on task 
performance. 

These experiments provide clear evidence that eye-contact 
with another person can disrupt visual-spatial imagination. How- 
ever, it is unclear whether this disruption occurs only with eye 
contact or is also observed for other forms of social gaze. Var- 
ious forms of social gaze can occur in social situations (e.g., 
Kleinke, 1986). This includes eye contact with another person, 
but also includes mutual gaze, in which two individuals gaze at 
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each other's faces without making eye contact. It is also possi- 
ble to gaze upon another person while not making eye contact or 
engaging in mutual gaze. The question addressed in the present 
research is whether these different forms of social gaze pro- 
duce similar disruption to visual-spatial imagination. There is 
considerable evidence that faces provide important social infor- 
mation, but it is also widely argued that the eyes more than 
other facial features primarily convey this information (for a 
review, see Itier and Batty, 2009). Consequently, eye contact 
may be more cognitively demanding than other forms of social 
gaze, including mutual gaze and unreciprocated gaze on an 
individual. 

Accordingly, to investigate this issue further, the present 
research used the matrix task to assess the influence of various 
forms of social gaze on the visualization of spatial information. 
As in the original Markson and Paterson (2009) study, we exam- 
ined the influence of eye-closure and eye contact with another 
person on task performance. But, in addition, we introduced sev- 
eral novel social gaze conditions. For instance, we introduced a 
condition in which participants engaged in mutual gaze with an 
experimenter without making eye contact, by having the exper- 
imenter occlude their eyes by wearing dark glasses. In another 
condition, participants looked continuously toward an experi- 
menter's face but were unable to make eye contact or engage in 
mutual gaze because the experimenter had averted her own gaze. 
Finally, we included a condition in which participants looked con- 
tinuously toward the experimenter's face but were unable to make 
eye contact or engage in mutual gaze, or even view that person's 
face, because the experimenter had placed a paper bag over her 
head. 

The logic of these additional social gaze conditions was 
straightforward. If cognitive demands associated with eye con- 
tact with another person are especially disruptive to visual- 
spatial imagination, performance on the matrix task should 
be impaired most in the eye contact condition. If mutual 
gaze also disrupts visualization, but to a lesser degree, perfor- 
mance should be better, in comparison with the eye contact 
condition, when only mutual gaze is possible. Moreover, per- 
formance should be better still when gaze is not reciprocated 
and therefore neither eye contact nor mutual gaze is possible 
(and this may be further enhanced by the occlusion of the 
experimenter's face when she has a bag over her head). Eye- 
closure should also show better performance than either eye 
contact or mutual gaze, but it remains to be seen whether per- 
formance differs between eye-closure and unreciprocated gaze. 
Both 2D and 3D matrices were used in the present research, 
in order to determine if standard effects of matrix complex- 
ity are observed (i.e., performance should be better for 2D 
than 3D tasks), and to ascertain if the influence of social gaze 
on the visualization of spatial information varies with matrix 
complexity. 

MATERIALS AND METHODS 
PARTICIPANTS 

Thirty undergraduate psychology students from the University 
of Leicester took part in the experiment in exchange for course 
credits. 



DESIGN 

The experiment manipulated two within-participants indepen- 
dent variables. The first was the number of dimensions for the 
matrix and had two levels: 2D (3 x 3) and 3D (3 x 3 x 3) 
matrices. The second independent variable was the gaze condi- 
tion, which had five levels: participants either kept their eyes 
closed, maintained eye contact with an experimenter whose 
eyes were fully visible, maintained mutual gaze with an exper- 
imenter whose eyes were obscured by wearing dark glasses, or 
gazed continuously toward the face of an experimenter who 
either averted their own gaze or whose face was occluded by 
placing a paper bag over her head. The dependent variable 
was the number of correct responses in the matrix task (i.e., 
responses that accurately identified the correct end-point of a 
pathway). 

MATERIALS AND APPARATUS 

The 2D matrix was drawn in black ink on white cardboard. 
Each square of the matrix was 4 cm . The 3D matrix was built 
from wooden blocks, each measuring 4 cm 3 . The pathways were 
based on those used by Markson and Paterson (2009). Each path- 
way had a designated starting square or block and comprised 
seven statements expressing a sequence of one unit moves in 
either up, down, left and right directions for the 2D matrix and 
also forward and backward directions for the 3D matrix. No 
directional term appeared more than twice consecutively in each 
sequence. Audio-recordings of these directional statements were 
played to participants and served to provide directional instruc- 
tions in each gaze condition. The directional statements were 
recorded with an interval rate of 0.5 s, read to the time of a 
metronome, as this was the presentation rate at which Kerr (1993) 
observed clear differences in performance between 2D and 3D 
matrices. 

PROCEDURE 

Participants took part individually and were told they were tak- 
ing part in a study of perceptual processing. Written instructions 
on how to complete the task were given to participants, and par- 
ticipants took part in two practice trials, one for a 2D matrix 
and one for a 3D matrix, before beginning the experiment. 
Participants were instructed to maintain eye contact with an 
experimenter in the eye contact condition, to maintain gaze 
toward the experimenter's eyes in the mutual gaze condition, 
and to maintain gaze in the direction of the experimenter's face 
in the unreciprocated gaze conditions. In the eye-closure con- 
dition, participants were instructed to keep their eyes firmly 
closed throughout the trial. A second experimenter checked com- 
pliance with these instructions and repeated the instructions 
between trials as a reminder if this proved necessary. Partici- 
pants stood 1.5 m from the experimenter in each social gaze 
condition. 

At the beginning of each trial, the experimenter showed 
either the 2D or 3D matrix to the participant and indicated 
the matrix's starting point. The matrix was then removed from 
the participant's view, and the directional instructions for that 
trial were played to the participant. Throughout each trial, the 
experimenter remained silent, stationary, and expressionless. At 
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the end of the trial, the experimenter showed the matrix to 
the participant and asked them to indicate the final square or 
block in the pathway that had been described. The participant's 
response was then recorded. Each participant performed four 
2D and four 3D trials in each social gaze condition, in five 
separate blocks that were counterbalanced for order across par- 
ticipants. The experiment lasted approximately 40 minutes per 
participant. 

RESULTS 

The mean performance accuracy for 2D and 3D matrices in each 
social gaze condition is shown in Figure 1. 

Performance on the matrix task was analyzed using 2 (matrix 
complexity) x 5 (gaze condition) analysis of variance (ANOVA), 
and the Greenhouse-Geisser correction was used where appro- 
priate. The analysis revealed a significant main effect of Matrix 
Complexity, F(l,29) = 272.10, p < 0.001, r\ 2 p = 0.90. This was 
due to participants making more correct responses for 2D matri- 
ces (M = 3.9) than 3D matrices (M = 2.1). This replicated 
earlier findings (Kerr, 1987, 1993; Markson and Paterson, 2009; 
Fiore etal, 2011). There was also a significant main effect of 
Gaze Condition, F(4,76) = 58.87, p < 0.001, = 0.67, and 
a significant interaction that revealed that the influence of Gaze 
Condition was modulated by Matrix Complexity, F(4,76) = 19.78, 
p < 0.001, r|p = 0.41. This interaction was explored further 
using a Bonferroni-corrected f-test. For the 2D task, performance 
was poorer for eye contact compared to the other gaze condi- 
tions (eye contact vs. mutual gaze, p < 0.01, d = 0.56; eye 
contact vs. averted gaze, p < 0.01, d = 0.57; eye contact vs. 
bag over head, p < 0.01, d = 0.50; eye contact vs. eye-closure, 
p < 0.01, d = 0.56). No other differences were significant (p > 0.15, 
d < 0.30). 

For the more difficult 3D task, performance also was poorer 
for eye contact compared to the other gaze conditions (eye con- 
tact vs. mutual gaze, p < 0.001, d = 1.08; eye contact vs. averted 
gaze, p < 0.001, d = 2.04; eye contact vs. bag over the head, 
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p < 0.001, d = 1.57; eye contact vs. eye-closure, p < 0.001, 
d = 1.98). In addition, performance was poorer for mutual 
gaze compared to either averted gaze (p < 0.01, d = 0.73), 
occluding the experimenter's face by placing a bag over her head 
(p < 0.001, d = 0.63), or eye-closure (p < 0.001, d = 0.89). 
No other differences were significant (p > 0.05, d < 0.04). 
The indication, therefore, is that maintaining eye contact with 
another person is especially disruptive to accurate mental visu- 
alization of a pathway through a matrix. Moreover, mutual gaze 
is also disruptive to accurate visualization of this pathway, but 
less so than eye contact. Finally, social gaze conditions in which 
gaze is not reciprocated and so eye contact and mutual gaze are 
not possible are no more disruptive to this visualization than 
eye-closure 1 . 

DISCUSSION 

The results of this experiment were very clear. In line with 
previous studies, more correct responses were produced for 
2D than 3D matrices (Kerr, 1987, 1993; Markson and Pater- 
son, 2009; Fiore etal., 2011). Consequently, participants in the 
present experiment showed similar sensitivity to matrix com- 
plexity as participants in previous research. In addition, as 
in previous research which used the matrix task to investigate 
effects of eye-closure and gaze aversion on visual-spatial imagi- 
nation (Markson and Paterson, 2009), maintaining eye contact 
with another person disrupted an individual's ability to keep 
track of a pathway through an imaginary matrix in both 2D 
and 3D versions of the task. Performance on 2D matrices in 
the other social gaze conditions did not differ and was at ceil- 
ing. However, performance in the 3D matrix task revealed 
important differences between social gaze conditions. For this 
more difficult matrix task, performance was poorest for the 
eye contact condition, better for mutual gaze, and better still 
in conditions in which gaze was not reciprocated and so nei- 
ther eye contact nor mutual gaze was possible. Interestingly, 
the unreciprocated gaze conditions did not differ in perfor- 
mance, indicating that occluding the experimenter's face did 
not bring additional benefits to performance. Moreover, both 
unreciprocated gaze conditions produced as good performance 
as eye-closure. Consequently, the indication from the present 
findings is that maintaining eye contact with another individ- 
ual is singularly disruptive to visual-spatial imagination. Mutual 
gaze is also disruptive to visual-spatial imagination but less so 
than eye contact. Finally, other forms of social gaze that do 
not require reciprocation (i.e., maintaining gaze on someone 
who has averted their own gaze or whose face is occluded) 
produced the same level of performance as eye-closure, and 



FIGURE 1 | Mean correct responses in 2D and 3D matrix tasks. Bars 
correspond to standard errors. 



^on-parametric analyses of the effects of the different gaze conditions on task 
performance were conducted separately for 2D and 3D tasks using the Friedman 
Test (Siegel and Castellan, 1988). This confirmed there was a significant effect of 
gaze condition for the 2D task, x 2 (4) = 27.06, p < 0.001, and for the 3D task, 
X 2 (4) — 66.12, p < 0.001. Post hoc analyses were conducted using a Bonferroni- 
corrected Wilcoxon Test. For the 2D task, performance was poorer in the eye contact 
condition compared to the other gaze conditions (ps < 0.01). For the 3D task, per- 
formance was poorer in the eye contact condition compared to the mutual gaze 
condition (p < 0.01), and for the mutual gaze condition compared to the unrecip- 
rocated gaze and eye-closure conditions (ps < 0.01). Thus, the principle findings of 
this experiment were upheld using these non-parametric statistical analyses. 
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so appear not to disrupt the visualization of spatial informa- 
tion. 

The present findings are in line with previous findings by 
Markson and Paterson (2009) who observed that performance 
on 2D and 3D matrices was especially disrupted by maintain- 
ing eye contact with another person, but that performance was 
largely unaffected by other forms of visual stimuli. In par- 
ticular, it had previously been suggested that processing faces 
requires visual-spatial working memory resources and that avert- 
ing gaze from a person's face, or closing one's eyes, can preserve 
these working memory resources for use in other cognitive tasks 
(Doherty- Sneddon etal., 2001). Consequently, viewing an image 
of a person's face might be expected to be disruptive to visual- 
spatial processing. However, Markson and Paterson found that 
gazing upon either an upright image of the experimenter's face 
or an inverted image of the experimenter's face (which might be 
expected to be less disruptive) produced similar performance to 
eye-closure. It therefore appeared that demands associated with 
processing the image of a face did not interfere with the con- 
current visualization of spatial information. The present findings 
expand on these previous findings by showing that face processing 
may only be disruptive to a visualization task when a live per- 
son is involved and this is accompanied by eye contact or mutual 
gaze. 

Such findings are not particularly surprising given the sub- 
stantial evidence for the special status of eye contact and mutual 
gaze in social situations. Indeed, there is abundant evidence that 
looking at another person's face, and particularly their eyes, pro- 
vides a wealth of complex cognitive information. This can include 
information about the other person's direction of gaze and their 
emotional and mental states, but eye contact also plays an impor- 
tant role in regulating social interaction by, for example, providing 
cues to turn-taking during conversation (for a review see, Frischen 
etal., 2007). Looking at the eyes of another person has also been 
shown to elicit a host of social cognitive and affective responses, 
including heightened self-awareness and a sense of intimacy (e.g., 
Argyle, 1981; Kleinke, 1986). Indeed, physiological evidence shows 
that eye contact in particular increases skin conductance and pro- 
duces higher scores on subjective self-assessments of emotional 
arousal and valence compared to averted gaze or looking at a 
picture of a person (Hietanen etal., 2008; Akechi etal, 2013). 
Moreover, recent electrophysiological research has revealed differ- 
ences in the neural response to viewing another person in the same 
room compared to viewing that person on a computer screen or 
in a photograph, and that viewing a live face with direct gaze is 
processed more intensely than a face with averted gaze or closed 
eyes (Ponkanen et al., 201 1). Consequently, it seems likely that the 
especially disruptive effect of eye contact on visual-spatial imag- 
ination in the present experiment and in the earlier research by 
Markson and Paterson (2009) is related to the heightened cogni- 
tive and social demands associated with maintaining eye contact 
with a live person. These demands are lessened in mutual gaze 
conditions and appear to be effectively eliminated when both eye 
contact and mutual gaze are prevented. 

By comparison with previous studies of memory for visual- 
spatial information (Doherty- Sneddon etal., 2001), there was no 
evidence for a more extensive influence of visual interference on 



task performance. Doherty- Sneddon etal. (2001) found that the 
performance of child participants who performed visual-spatial 
memory tasks was poorer in conditions in which they viewed 
a dynamic visual stimulus compared to when they closed their 
eyes or averted their gaze (by looking at the floor) in the inter- 
val between viewing the test stimuli and providing a response. 
However, there was no indication from the experiments by Mark- 
son and Paterson (2009) that viewing either static or dynamic 
images is any more disruptive to visual-spatial imagination than 
averting one's gaze or closing one's eyes. Similarly, the present 
experiments show no benefit for eye-closure over situations in 
which participants gaze at another person without making eye 
contact or engaging in mutual gaze. Thus, it appears that visual 
input is not a significant source of interference in the matrix task, 
but social interaction involving either eye contact or mutual gaze 
is. 

The particular advantage of the matrix task is that it provides 
an assessment of visual-spatial processing separate from mem- 
ory for this information. Consequently, findings obtained with 
the matrix task may differ from those obtained with other tasks 
because it provides an assessment of effects associated with visual- 
spatial imagery rather than the retention of this information or 
its retrieval from memory. A further important difference is that 
whereas the present research (and the original experiments by 
Markson and Paterson, 2009) investigated effects of eye-closure 
and gaze aversion on visualization of spatial information by adult 
participants, the earlier work by Doherty- Sneddon etal. (2001) 
focused on these processes in children. Consequently, further 
research is required to determine if the contrast in the findings 
obtained in these studies reflect this difference in the age of the 
participants. 

An important additional advantage of the matrix task over 
other tests of visual-spatial processing is that it provides an effec- 
tive means of assessing the influence of the social environment 
on visual-spatial imagery. Indeed, while the present experiment 
provides insight into the influence of social demands on task per- 
formance, various factors remain to be investigated. For instance, 
a factor which maybe particularly important is the social distance 
between the participant and the experimenter when perform- 
ing the matrix task. Indeed, pilot data from our laboratory 
suggest that effects of eye contact are mediated by the physi- 
cal proximity of the participant and the experimenter, and that 
effects of eye contact may be obtained only at standard social 
distances (i.e., when the participant and the experimenter are 
approximately 1 m apart, e.g., Argyle and Dean, 1965). These 
pilot data suggest that the influence of eye contact may be dis- 
rupted at closer distances and dissipate when the participant 
and experimenter are further apart (i.e., 3 m or more apart), 
although further research is required to fully establish these 
effects. 

Markson and Paterson (2009) also argued that a particularly 
important avenue of research might involve assessing effects of 
individual differences in social anxiety or shyness on task perfor- 
mance, as individuals scoring high on these characteristics may 
show heightened sensitivity to social demands when eye con- 
tact is made compared to when gaze is averted or the individual 
closes their eyes (see also Moukheiber etal, 2012). Indeed, if 
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eye-closure or gaze aversion benefit cognition by individuals who 
suffer acutely from social anxiety or shyness, it may be advanta- 
geous to encourage these individuals to adopt these techniques 
in relevant settings (e.g., in the classroom). However, it is also 
important to note that negative social judgments frequently are 
made of individuals who avert their gaze or turn away from an 
interlocutor (e.g., Larsen and Shackelford, 1996), especially as 
people who avert their gaze are often perceived as deceptive by 
others (for discussion see, e.g., Vrij and Semin, 1996; Mann etal., 
2002; Einav and Hood, 2008). Finally, as noted already, the present 
studies used only adult participants. Consequently, an obvious 
future direction for this research would be to examine how chil- 
dren perform in the matrix task. Such experiments could include 
manipulations of social gaze or social proximity and would have 
the potential to reveal development changes in the influence of 
the social situation on the performance of cognitively demanding 
tasks. 
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